The ankle has an important role in stretch shortening cycle (SSC) movement. Thus, it is likely that ankle instability negatively affects the SSC. To investigate the relation between SSC movement and ankle instability. This could contribute to developing a progressive phase of rehabilitation for athletes after ankle sprain, and could also be used as criteria for returning to sport participation. The legs of eight university male football players were categorized as either having ankle instability (AI group) or not having ankle instability (NI group). Ankle instability was defined as functional instability based on the Karlsson score. The rebound drop jump, which is the index of SSC movement, was measured, and the subjects' performances for SSC movement were evaluated. In addition, isokinetic ankle strength, based on the Biodex System Dynamometer to assess the peak torque of the plantar/dorsal muscles of the ankle joint, was recorded. The groups did not differ in regard to flight time. The contact time of the AI group was significantly longer than that of NI group. With regard to isokinetic ankle strength, there was no significant difference in plantar or dorsal flexion between the two groups. This study showed that the contact time of the AI group was longer than that of NI group. In ankles with instability, the function of the stretch reflex may be suppressed, and the efficiency power for exertion during ballistic SSC movement might thus be decreased. These findings suggest that ankle instability relates to SSC movement by prolonging the contact time in the rebound drop jump.
Introduction
Ankle sprain is a sports injury that often occurs during sports activity, and a large number of injuries occur during landing after a jump or changing direction 1) . Above all others, inversion sprains are the most typical acute injuries. Although rehabilitation after ankle sprain allows functional recovery of the ankle in most cases, ankle sprains recur in 80% of persons who have a history of ankle sprain 2) . Thus, ankle instability remains in 32 to 40% of those who have an ankle sprain history 3) . Ankle instability is one of the risk factors for recurrent ankle sprain and has a harmful influence on sports performance 4) . Ankle instability has been attributed to 2 potential causes: mechanical instability and functional instability 5) ( Fig. 1) . Mechanical instability is defined as pathological laxity of the talocrural joint, which is caused by ligament dysfunction and is estimated from talar tilt angle and anterior drawer stress radiographs. Functional instability is considered to be the result of neural (proprioception, reflexes, and muscular reaction time) and muscular (strength, power, and endurance) mechanisms. Freeman et al. first described the concept of functional instability, in 1965, as a tendency of the foot to "give way" 3, 6) . Recently, some questionnaires such as those for the Karlsson score 6) and ankle instability instrument 7) have been used for evaluating functional instability. This has been associated with factors including delayed peroneal reaction time 8, 9) , increased postural sway (body sway) 10) or decreased range of motion Eccentric and concentric contractions of the muscle occur in every kind of footwork and jump in any ball game, such as football, basketball and volleyball, and in the action of jumping hurdles in track and field. The muscles of the limbs absorb the kinetic energy of the body by eccentric contraction in the early ground contact phase, and then convert this to the energy of forward or upward motion by concentric contraction in the later phase 14) . This type of movement, which contains eccentric and concentric contractions, is called stretch shortening cycle (SSC) movement 15) . Previous studies have reported that when the muscle is shortened, the SSC utilizes the elastic energy that is stored, when muscles and tendons are stretched, and causes the muscles to use more power quickly and work efficiently by increasing muscle stimulation, which is caused by stretch reflex 15) . In addition, it has been proved that SSCs, in every kind of footwork and jump in any ball game, and in jumping hurdles in track and field events, are executed in extremely short intervals of only 100 to 200 ms. Brooks et al. have classified this as ballistic SSC 16) . Therefore, evaluation of the capacity for ballistic SSC is an effectual way to assess the movement of ballgame and track and field athletes.
The rebound drop jump (RDJ), in which the athlete jumps down from a certain height and immediately bounces, is one of the ballistic SSC movements. For shorter contact times and higher jumps, the ankle workload needs to be increased 14) . Here, the ankle plays an important role in accomplishing SSC movement. Therefore, it is thought that instability of the ankle negatively affects the ability to perform ballistic SSC movement.
Thus, the purpose of the present work is to investigate whether SSC movement and ankle instability are related to each other. Based on the relation between ankle instability and SSC movement, ankle instability could be useful as a basic measurement to determine the effects of continuous jump movements and so on. These basic data could contribute to developing a progressive phase of rehabilitation for athletes after ankle sprain, and could also be used as criteria for returning to sport participation.
Materials and methods

Subjects.
Eight university male footballers, with unilateral ankle instability and a medical history of ankle sprains, were included in the present study. The average height was 176.1 ± 5.5 cm, average weight was 69.6 ± 8.8 kg, and average age was 19.4 ± 0.9 years.
Ankle instability was defined as functional instability, which was evaluated by the Karlsson and Peterson scoring system for ankle function (Karlsson score) 6) . The Karlsson score evaluates 8 different functional items: pain, swelling, instability, stiffness, stair climbing, running, work activities, and use of an ankle support. On this scale, 100 points are divided between these items, and patients with more than 80 points are considered to have normal ankles. In patients or injured athletes with 80 points or less, the ankle is deemed to have functional instability ( Table 1 ). The legs of each subject were divided into two groups based on their Karlsson score: unstable ankle (AI) group and healthy or stable (NI) group.
This study was approved by the ethics committees of the University of Tsukuba, and all subjects gave their consent to participate.
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Rebound drop jump. In the present study, the rebound drop jump, the index of SSC movement, was measured, and subject performance for SSC movement was evaluated. Subjects were instructed to land on a unilateral leg from 2 types of stages that were 15-cm (RDJ15) or 20-cm (RDJ20) high, and then jump immediately, as high as possible, on a mat switch (PH-1261M, DKH Co. Ltd., Tokyo, Japan). Subjects were assessed using a Multi Jump Tester (PTS-102, DKH Co. Ltd., Tokyo, Japan) for the following 2 items: ground contact time and flight time. The contact time was defined as the interval of continual movement between landing on and taking off from the mat. In addition, the flight (airborne) time was defined as the duration of flight. Each leg of the subjects was measured 3 times at each stage height (Fig. 2) .
Isokinetic ankle strength in plantar/dorsal muscles of the ankle joint. Isokinetic ankle strength data was recorded using the Biodex System 3 Dynamometer (Biodex Medical Inc, Shirley, NY) to assess the peak torque of the plantar/dorsal muscles of the ankle joint with an angular velocity of 60 and 180 degrees. Subjects sat down and were fastened to the seat by 3 belts to reduce the compensatory action of the knee and hip joints during measurement. The posture in which measurements were taken was subjects sitting on a seat, their knees flexed 20 degrees, and lower limbs parallel to the floor, according to measurements of ankle strength in the Biodex System 3 Dynamometer. Muscle strength was measured 3 times at each speed. The maximum value over 3 measurements . was adopted and corrected according to the body weight to obtain a value for peak torque.
Statistical analysis.
All values are expressed as mean ± SD. Differences in RDJ and isokinetic ankle strength, between the two groups, were tested using a paired t test (Dr. SPSSⅡ for Windows). The significance level for this study was set at a p value of 0.05.
Results
Evaluation of Functional ankle instability.
For the Karlsson score, the AI group (70.3 ± 7.5 points) was significantly lower than the NI group (94.9 ± 7.3 points).
Rebound drop jump. With respect to RDJ15, the AI group (243.4 ± 10.0 ms) had a significantly longer contact time than the NI group (225.3 ± 10.6 ms). For RDJ20, the contact time of the AI group (245.5 ± 12.3 ms) was not significantly longer than that of the NI group (234.4 ± 9.6ms).
Concerning the flight time of RDJ15 and RDJ20, there On this scale, 100 points are divided between the items listed, and in patients scoring more than 80 points, the ankles are considered normal. In patients with 80 or lesser points, the ankle was deemed to have functional instability in this study. were no differences between the groups (Fig. 3, Fig. 4 ).
Isokinetic strength in ankle plantar/dorsal flexion muscles. The numbers showed no significant difference between the groups in either plantar or dorsal flexion at 60/180 degrees (Fig. 5 , Table 2 ).
Discussion
In this study, the effect of ankle instability on the ability of university football players to perform RDJ was investigated with the aim of acquiring fundamental data to elucidate the relationship between ankle instability and sports performance, including jumping, running, and hurdling. The AI group showed significantly longer contact time than the other groups in RDJ15. The main reason why the time between landing and jumping off again is longer may depend on ankle instability. In SSC movement, the faster the stretching speed of the muscle, the more energy can be stored and reused by elastic elements such as muscles and tendons 17, 18) . Delahunt et al. reported the angular velocity of ankle dorsal flexion, in a drop jump, of a leg with ankle instability, was significantly lower than that of a healthy leg; and the eccentric workload generated by the ankle joint was also significantly lower 19) . Therefore, in the case of unstable ankles, because eccentric contraction and stretch velocity of the ankle plantar muscles, which are necessary for ballistic SSC movement, below standard, the storage and reuse of elastic energy is not sufficiently induced. The previous studies reported that in a ballistic SSC movement such as repeated jumping, it is important that the stretch reflex acts effectively in kicking during the latter half phase of contact time 20, 21) . These studies showed that the function of the stretch reflex is suppressed, and the efficiency power for exertion during ballistic SSC movement may decrease in ankles with ankle instability.
However, there was no significant difference between the groups in RDJ20. Bobbert et al. reported that as the height of the stage increases, the movement and power of the ankle decreases in the drop jump 22) . This suggests that, as the height of the stage is raised, the relative workload of the ankle decreases and the relative workload of the knee and hip increases. For this reason, it is thought that the function of the ankle is reflected more by RDJ15, when the relative workload of the ankle is large 23) . Consequently, it is safe to say that the AI group has functional disorders of the ankles. On the other hand, when the relative workload of the ankle becomes smaller in RDJ20, it may be that it is compensated by the joint functions of the knee and hip, and consequently, no significant differences are observed between the groups.
In this work, there was no significant difference between the groups in terms of both maximum values of isokinetic strength in ankle plantar/dorsal flexion with 60/180 degrees. Another study also reported that the peak torque of the ankle plantar muscle has no relation to contact time of RDJ, although the stronger muscle stretch reflexes, which are associated with ankle plantar flexion, and in particular, decreased contact time, are important for high jumping within a short time 14) . In additon, no significant difference has been found between the legs of basketball players with regard to the performance of RDJ that was assessed based on each leg individually 24) . Therefore, we believe that muscle peak torque did not bring about prolongation of contact time in the AI group in RDJ15. It has been reported that legs with unstable ankles have been later than normal legs in the hopping test, side-hopping test, and the figure-eight test 25, 26) . In the present study, there is no significant difference between the groups on flight time. The results suggest that, in the case where muscle strength is recovered, ankle instability might not affect jump height.
The information obtained from this research can be applied to athletic rehabilitation after an ankle sprain. In the period when an athlete just returns to sports activity, it may be important to not only to enhance the ability of high-power performance involving use of the knee and hip joints, but also train the quick movements of the ankle.
Important limitations of this study include the small number of samples. Particularly in terms of the contact time of RDJ20, a larger number of samples might make it possible to determine differences between AI and NI. Moreover, we could only guess at the effect of prolonging the contact time without measuring muscle activity and floor reaction force. For further discussion of the detailed effects of instability on athletic jump performance, future studies should include investigation of biomechanics. Discussion about female subjects is an issue in the future, since this work included only male subjects.
Conclusion
In this work, the contact time of the AI group for RDJ15 was significantly prolonged as compared to the other group. Thus, the present work suggests that ankle instability relates to SSC movement by prolonging the contact time on the rebound drop jump. Measuring the contact time can be useful for assessing ankle instability.
